Second-harmonic generation and two-photon-excited autofluorescence microscopy of cardiomyocytes: quantification of cell volume and myosin filaments.
The ability to quantify changes in cardiomyocyte and myosin volume across gestation and in response to intrauterine insults will lead to a better understanding of the link between low birth weight and an increased risk of heart disease in adult life. We present the use of second-harmonic generation (SHG) and two-photon excitation autofluorescence (TPEF) microscopy to image unstained isolated fetal cardiomyocytes. The simultaneous collection of these two images provides a wealth of information on the morphology of cardiomyocytes. The SHG signal provides high-contrast images of myosin filaments and the TPEF signal can be used to clearly visualize cell morphology. A potential issue may arise if SHG microscopy is performed exclusively due to the lack of sensitivity to distinguish between mononucleated and binucleated cardiomyocytes. However, TPEF microscopy has the ability to efficiently separate the two types of cardiomyocytes. In addition, quantitative analysis of the SHG and TPEF images enables quantification of myosin filament level and accurate determination of cell volume. In short, we demonstrate that advanced nonlinear optical microscopy can be used to answer key physiological questions in the early origins of adult health with increased accuracy and speed compared to previously used methods.